60-80+ 75 (8.5) Coupland et al. ( 2011 ) 65 65-85+ 75 (7.6) Rapoport et al. ( 2011 ) 65 66-88 74 (6.0) Rapoport et al. ( 2008 ) 65 N/A 74.9 (5.7) Hu et al. ( 1998 ) 65 N/A N/A van Laar et al. ( 1995 ) 60 60-72 65.2 (3.8) Leveille et al. ( 1994 ) 65 65-80+ N/A Ray et al. ( 1992 ) 65 65-84 N/A Many of the past studies on antidepressants and driving demonstrate detrimental effects of antidepressants on motor coordination, reaction time, and attention (Verster & Ramaekers, 2009 ; Sansone & Sansone, 2009 ) -all elements important for operating a motor vehicle. These antidepressant effects may compound the defi cits in visual, cognitive, and motor skills associated with normal aging (Staplin, Gish, & Wagner, 2003 ) , and the risk of being involved in an MVC increases in later life after adjustment for distance driven (Tefft, 2008) .
Depression itself has been related to certain cognitive defi cits, many of which can affect driving performance (Bulmash et al., 2006 ) . There is a high co-morbidity between cognitive impairment and depressive disorders, with depression being the most commonly reported psychiatric symptom among patients with mild cognitive impairment (Lyketsos et al., 2002 ) . Conversely, cognitive impairment is common among older adults with major depression, including domains of psychomotor speed, memory, and executive functioning (Morimoto & Alexopolous, 2013 ) .
A comprehensive analysis of the effects of psychotropic medications on driving performance and outcomes can be found in the Integrated Project DRUID (Driving under the Infl uence of Drugs, Alcohol and Medicines; Schulze, Schumacher, Urmeew, & Auerback, 2012 ) ; however -as with much of the current literature on driving with the use of psychotropic medicationsthat report did not review the effects of such medications in an elderly population. The purpose of this present study, using a systematic review, was to synthesize the existing literature on the effects of antidepressants on driving in older adults.
Methods
We conducted a search of MEDLINE, covering dates from 1946 to September 2013, using the following terms: automobile driving, accidents (traffi c), motor vehicle collisions, antidepressants or antidepressive agents, depressive disorders. An updated literature search was done in December 2014, upon revision of the manuscript on which this article is based, to ensure the most up-to-date results.
Included articles had to directly address the question of driving and antidepressants, using either an experimental or epidemiological design; a control group was required for inclusion. Editorials, case studies, and letters were excluded, as were studies that did not incorporate a measure of driving or MVCs beyond psychomotor testing. The reference lists of review papers were screened to identify any additional primary papers. After abstract review, we read each of the papers that met all of the above inclusion criteria, and we included only those that reported on a population or subpopulation of older adults. We defi ned this population as being at least 55 years of age or older in order to guarantee the most inclusive review of the literature, as cutoffs for what constitutes an "older driver" tended to differ among studies (see Table 1 ).
Results
We screened a total of 267 articles. Of these, 225 were excluded because they did not address the question of the review, or did not incorporate a driving measure, antidepressants, or comparison group. Of 42 potential studies that we reviewed in detail, one experimental and seven epidemiological studies met inclusion criteria in the initial search, and one additional epidemiological study was found in the updated search (see Figure 1 for the article selection process and Table 2 for a summary of results). Seven of nine of the papers had a minimum cut-off age of 65, and two had a minimum cut-off age of 60 ( Table 1 ) .
Experimental Study
There was only one experimental study in which investigators assessed the effects of an antidepressant on driving ability in a subgroup of older adults. van Laar, van Willgenburg, and Volkerts ( 1995 ) enrolled 12 healthy participants aged 60 and older ( M = 65.2 years, SD = 3.8), as well as 12 younger participants ( M = 28.2years, SD = 4.2), in a randomized crossover study. Participants received one week each of imipramine, 50 mg twice daily; nefazodone, 100 mg twice daily; nefazodone, 200 mg twice daily; and placebo, separated by a 7-day period, in a randomized order, blind to treatment assignment. All participants underwent an on-road driving test on days 1 and 7 of each treatment period. The test consisted of 75 minutes of controlled highway driving, and automated measures were made of the standard deviation of lateral position and standard deviation of speed. The investigators found that neither dose of nefazodone adversely affected either lateral position or speed. Imipramine increased the standard deviation of lateral position the day following the fi rst dose, but only for the younger cohort. On the seventh day of treatment, there were no signifi cant effects of driving measures for the older or younger subgroups on either of the medications, as compared to placebo. The maximum age of the older cohort was 72; one of the older participants was unable to complete the driving measures, and three of them were taking concomitant "peripherally acting medication", although the details of those medications and dosing were not specifi ed.
Epidemiological Studies
Orriols, Wilchesky, Lagarde, and Suissa ( 2013 ) conducted a pair-matched analytical case-crossover study of 109,406 drivers (20.1% exposed to antidepressants) aged 66-84 during the time period 1988-2000. Antidepressant exposure was compared in 30-day time intervals from the day of the crash to 240 days pre-MVC. Antidepressants were studied inclusively, and in the separate categories of tricyclic antidepressants (TCAs; 62.2%), selective serotonin reuptake inhibitors (SSRIs; 30.2%), and all other antidepressants (9.8%). The mean age at MVC was 71.9 ( SD = 4.6), and 80.5 per cent of the drivers were males. Both new users (those who began taking antidepressants in 30 days prior to MVC) and longer-term users had an increase in MVC risk (new: OR = 1.30, 95% CI = 1.08-1.57; other users: OR = 1.49, 95% CI = 1.35-1.65). However, the risk of MVC was higher if antidepressant use was started 8 months before the crash (OR = 1.42, 95% CI = 1.30-1.55) than 4 months before the crash (OR = 1.19, 95% CI = 1.08-1.30). Results by antidepressant class showed that drivers taking TCAs showed consistently lower ORs compared with SSRIs (at 4 months prior, for example, TCA: OR = 1.11, 95% CI = 0.98-1.25; SSRI: OR = 1.35, 95% CI = 1.14-1.60). Meuleners et al. ( 2011 ) assessed 616 individuals aged 60 and older who had been hospitalized as a result of involvement in an MVC and had been prescribed a psychoactive medication prior to the collision. A casecrossover design, with multiple time-control intervals, was used, and antidepressant prescription accounted for 13.8 per cent ( n = 85) of the medications investigated in this study, with the remainder being benzodiazepines and opioids. Antidepressants were not analyzed by class. The authors found an almost doubling of risk of exposure to antidepressants associated with MVCs (OR = 1.80, 95% CI = 1.00-3.30, p =.04), but the risk was restricted to men.
Coupland et al. ( 2011 ) (Rapoport et al., 2011 ) . We separated the antidepressants into "fi rst generation" (tricyclic antidepressants [TCAs], other cyclic antidepressants, and irreversible monoamine oxidase A inhibitors) and "second generation" (SSRIs and newer antidepressants). Although there was a signifi cantly elevated risk of MVC associated with the overall sample of antidepressants (HR = 1.07, 95% CI = 1.05-1.10, χ 2 = 33.40, df = 1, p < 0.0001), in a sensitivity analysis, only second-generation antidepressants showed a signifi cant increase in risk (HR = 1.10, 95% CI = 1.07-1.13, χ 2 = 41.77, df = 1, p < 0.0001). Further, analyses showed that only patients coprescribed both benzodiazepines and strongly anticholinergic drugs showed a signifi cantly increased MVC risk (23% and 63%, respectively).
We also conducted an earlier study with a case-crossover design, examining a range of psychotropic medications (which included benzodiazepines, antidepressants, antipsychotics, topical antifungals, and topical corticosteroids) among elderly drivers with dementia. Of the 8,690 total individuals who experienced an MVC, 1,544 (17%) were prescribed antidepressants. The combination of dementia and antidepressant medication use yielded an OR of 1.82 (95% CI = 1.66-2.13). In that study, later generation antidepressants, such as SSRIs, were associated with a higher risk of an MVC than fi rst-generation antidepressants such as tricyclic agents (OR = 2.15, 95% CI = 1.78-2.60 vs. OR = 1.31, 95% CI = 1.07-1.61) (Rapoport et al., 2008 ).
Hu, Trumble, Foley, Eberhard, and Wallace ( 1998 ) conducted a study involving 1,811 individuals, analysing a wide range of factors that could potentially affect risk of an MVC, including annual miles driven, diffi culty extending arms, back pain, living alone, employment status, and history of glaucoma, in addition to antidepressant prescriptions. Antidepressant use was found to be the second-most infl uential factor contributing to MVC risk, next to annual miles driven. Antidepressant use, however, was only a signifi cant risk for older male drivers (OR = 2.04, p < 0.05), with the probability of being involved in an MVC while using antidepressants increasing per annual miles driven (from P = 0.037 for 3,000 miles driven to a maximum of P = 0.069 for 18,000 miles driven, p < 0.05 in the older male drivers). Differential antidepressant class effects were not explored.
A 1994 case-control study by Leveille et 30-3.50) . It was also found that the RR increased with increasing dose and concurrent use of more than one antidepressant. For example, for the equivalent of ≤ 25mg of amitriptyline, the RR was 0.80 (95% CI = 0.10-2.70), whereas for ≥ 125mg the RR = 5.50 (95% CI = 2.60-11.6). The concurrent use of two or more cyclic antidepressants raised the RR from 2.00 (95% CI = 1.30-3.10) to 9.80 (95% CI = 2.40-39.5). In contrast to the Leveille article, Ray et al. did not fi nd that the risk of involvement in MVC changed with duration of exposure.
Discussion
Our review of the current literature on the effects of antidepressants on driving performance yielded 39 relevant articles, eight of which included a population or subgroup of older adults. The general fi ndings of each of these studies indicate negative effects of antidepressant use on driving performance, all of which reported an increased MVC risk. Levels of increased risk varied across studies. For context, in 2012 the MVC death rate per 100,000 people aged 65-59 was 15.6 for males and 6.1 for females in the United States (National Highway Traffi c Safety Administration, 2014 ). Interestingly, in two of the included studies, the MVC risk associated with antidepressants was restricted to men (Meuleners et al., 2011 ; Hu et al., 1998 ) . In addition, Rapoport et al. ( 2011 ) found that it was not antidepressants alone but those taken in conjunction with other psychoactive drugs which pose a signifi cant risk for older adults.
One of the seven articles we included used an experimental design, with which researchers found that imipramine signifi cantly impaired highway driving performance whereas nefazodone did not. That study contained a small test group of non-depressed veryyoung older adults, so generalizability is limited. Although the study is potentially reassuring regarding the safety of nefazodone and the temporary effects of imipramine on driving, we cannot generalize this fi nding to a clinical population with depression. Furthermore, imipramine is a medication that is not recommended for older adults (Fick et al., 2012 ) , and nefazodone is no longer available, having been discontinued in North America more than a decade ago due to liver toxicity.
We retrieved six epidemiological studies, dating from 1992 to 2013. The limitations of these studies included lack of reporting on dose and duration (all except Leveille et al., 2011, and Ray et al., 1992 ) , no information on driving exposure (in any), restriction to Medicaid enrollees (Ray et al., 1992 ) , and the lack of adjustment for confounders such as concurrent medication use or ascertainment of MVC at-fault status (except Rapoport et al., 2011 ) . Furthermore, none of the studies reported details of symptoms or treatment of depression, leading to possible indication bias -the potential confusion regarding the true cause of the impaired driving performance. The epidemiological papers acknowledge the challenge of distinguishing between effects on driving outcomes resulting from prescribed antidepressants or from the underlying medical or psychiatric condition, not to mention other potential confounding factors in such non-experimental designs.
Although the epidemiological studies highlighted the possibility of indication bias, only two of them (Coupland et al., 2011 ; Ray et al., 1992 ) recognized the two-tailed hypothesis that antidepressant use could improve driving performance. Because cognitive symptoms in depression can impair driving, the effective use of an antidepressant might ameliorate driving skills.
Only three studies analyzed MVC risk by antidepressant class (Orriols et al., 2013 ; Coupland et al., 2011 ; Rapoport et al., 2011 ) . This is important as the anticholinergic and sedating properties of older antidepressants such as tricyclics were traditionally viewed as causing more potential impairment from the perspective of road traffi c risk, but the newer antidepressants such as SSRIs may pose similar risks. As mentioned earlier, certain TCAs, such as imipramine, are not recommended for use in older adults, but a 2012 update of the Beers Criteria for Potentially Inappropriate Medications has now listed SSRIs as being potentially harmful for older adults as well. Although TCAs can induce anticholinergic effects, SSRIs are cited as having high-quality evidence for fall risk. However, a review by Gebara et al. ( 2015 ) concluded that there is insufficient evidence to support this change, at least with respect to falls risk, and concluded that the use of SSRIs as a treatment for depression in older adults should not be discouraged. Moreover, the recent classifi cation of SSRIs as potentially inappropriate medications for older adults might have the unintended consequence of increasing TCA prescriptions, which could also affect driving performance as well as falls. Orriols et al. ( 2013 ) also pointed out the risk of exposure misclassifi cation resulting from not monitoring medication adherence, which may be more troublesome with TCAs than newer antidepressants.
An additional diffi culty with the bulk of this research is the lack of information on self-regulatory driving behaviour. These studies on driving and psychotropic medication do not take into account how risk homeostasis and task demand homeostasis affect the selfregulation of driving (Fuller, 2005 ; Wilde, 1982 ) . Michon ( 1985 ) proposed an integrated cognitive hierarchical model integrating strategic (planning), tactical (maneuvering), and operational (control) factors. Eby, Molnar, and Kartje ( 2009 , p. 29) proposed a fourth level of "life goals" which might provide additional useful context for older adult driving behaviour. Psychotropic drugs likely exert most of their effect at the tactical level, but because of complexities between pharmacodynamic drug effects and the effects of the underlying condition along with the psychosocial and road environment, other aspects of the model may be affected.
Our initial search for articles pertaining to driving and antidepressants yielded 20 systematic reviews (as Figure 1 shows) . Of those reviews, 12 were published in the past 10 years, while the previous eight were published between 1977 and 1997. This does not show a strongly increasing trend and further highlights the dearth of research in this area. Only two of the 20 reviews concentrated specifi cally on older adults (Ray, Gurwitz, Decker, & Dennedy, 1992a ; Ray, Thapa, & Shorr, 1993 ) , and both were published long ago by the same principal author, showing limited consideration for this particular population thus far in the literature. Most of the studies and reviews did not differentiate between the effects of antidepressant class, and this is a substantial limitation in the literature.
There is relatively more research concerning younger populations, with 20 reviews on this topic. Five reviews focused specifi cally on antidepressants and driving (Brunnauer & Laux, 2013 ; Orriols et al., 2012 ; Ravera, Ramaekers, de Jong-van den Berg, & de Gier, 2012 ; Rapoport & Banina, 2007 ; Ramaekers, 2003 ; Hale, 1994 ) , whereas the rest looked at a wide range of drugs and/ or other factors in relation to driving. Most articles tended to report that use of the majority of TCAs shows deleterious effects on driving or skills related to driving. Three of these reports (Brunnauer et al., 2013; Ravera et al., 2012 , and Hale, 1994 ) concluded that SSRIs did not appear to impair driving signifi cantly in experimental settings; results are less clear for epidemiological studies, which is consistent with our fi nding in this article.
There is a growing area of research concerning fi tness to drive and the older adult population. In a recent essay, Redelmeier and McLellan ( 2013 ) called for a greater focus on MVCs, and highlighted some of the issues surrounding the topic including (a) denial of aggregate statistics, (b) confl icting economic priorities, and (c) inescapable research limitations. The fact that we retrieved only nine primary studies for the present study highlights a substantial gap in research.
A limitation of our review is that we consulted only MEDLINE for article retrieval. Although additional databases could increase the breadth of relevant results, none of the reference lists of the reviews and empiric papers that we manually consulted identifi ed references missed by the MEDLINE search.
The current lack of knowledge and research regarding the potential effects of antidepressant use on driving performance among older adults emphasized in our review points to a clear path for future study. The research that exists on this topic featuring an older age group is not yet extensive enough to validly generalize to a larger population. Therefore, further epidemiological and experimental research, with more diverse elderly adult samples, both volunteer and clinical, would be expedient.
